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(54) High-pressure fuel supply system of Internal combustion engine 



(57) A high-pressure fuel supply system of an inter- 
nal combustion engine is provided which includes a 
high-pressure pump (7) driven by the engine and oper- 
able with a cycle consisting of an intake stroke and a 
discharge stroke. The high-pressure pump includes a 
valve (1 6) selectively placed in an open position to allow 
the fuel to be introduced into the pump and in a closed 
positton to allow the fuel to be fed under pressure to a 
high-pressure portion located downstream of the high- 
pressure pump. In the fuel supply system, commands 
for closing the valve are generated to the high-pressure 
pump during starting of the engine before the cylinders 
are discriminated from each other, such that a period of 
the generated commands is shorter than a half of the 
cycle of operation of the high-pressure pump during 
starting of the engine. After starting of the engine, a du- 
ration of closing of the valve during the discharge stroke 
of the pump is controlled so that a regulated amount of 
the fuel Is fed under pressure to the high-pressure por- 
tion. 
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Description 

BACKGROUND OF THE INVENTION 
1. Reld of the Invention 

[0001] The Invention relates to a high-pressure fuel 
supply system of an Internal oombustlon engine. 



2. Description of Related Art 

[0002] In order to inject fuel directly into cylinders of 
the Internal combustion engine, high-pressure fuel need 
be supplied to fuel injection valves corresponding to the 
respective cylinders. To this end. a high-pressure fuel 
supply system for supplying high-pressure fuel to the fu- 
el injection valves is known in the art. 
[0003] A generally known high-pressure fuel supply 
system includes a delivery pipe leading to each fuel in- 
jection valve, a high-pressure pump for feeding high- 
pressure fuel under pressure into the delivery pipe, and 
a low-pressure pump connected to the inlet side of the 
high-pressure pump in order to ensure entry or Introduc- 
tion of fuel into the high-pressure pump. 
[0004] The high-pressure pump is an engine-driven 
pump that includes, e.g., a plunger that is slidably recip- 
rocated within a cylinder by a cam moving in association 
with a crankshaft of the engine, a valve for opening and 
closing an Inlet port of the cylinder, a spring for biasing 
the valve In a valve-opening direction (I.e., toward an 
open position), and a solenoid for closing the valve 
against the bias force of the spring. 
[0005] When the plunger is under an intake stroke, the 
solenoid is held in a non-energized state, so that the 
valve is opened by the spring, and the fuel is introduced 
into the cylinder through the inlet port. When the plunger 
Is under a discharge stroke, the solenoid is energized 
In response to a valve-closing signal applied thereto, so 
as to dose the valve. Before the valve is closed, the fuel 
in the cylinder is returned to the low-pressure pump 
through the inlet port. After the valve is closed, the fiiel 
in the cylinder is fed under pressure into the delivery 
pipe. 

[0006] By controlling the timing of closing the valve in 
the discharge stroke, a suitably regulated amount of fuel 
can be fed under pressure Into the delivery pipe. Thus, 
the amount of fuel fed to the delivery pipe can be con- 
trolled in accordance with the amount of fuel consumed 
at the delivery pipe, and the pressure in the delivery pipe 
can be maintained at around a desired high fuel pres- 
sure. 

[0007] Upon a start of the engine, the fuel pressure in 
the delivery pipe Is lowered to be approximately equal 
to the atmospheric pressure. Therefore, the fuel pres- 
sure In the delivery pipe need be raised quickly In order 
to achieve favorable fuel injection into the cylinders. It 
is therefore desirable to close the valve of the high-pres- 
sure pump at the same time that the discharge stroke 



starts, and feed the entire amount of fuel in the cylinder 
under pressure Into the delivery pipe. 
[0008] In the known fuel supply system, however. It Is 
Impossible to close the vah^e at the same time that the 
5 discharge stroke of the plunger starts for the following 
reason: in a starting period of the engine, it cannot be 
determined whether the high-pressure pump operating 
In synchronization with the crankshaft and a camshaft 
is in an Intake stroke or a discharge stroke until a cylin- 
10 der discrimination sensor Identifies or discriminates in- 
dividual cyllndere from each other. (For example, the 
cylinder discrimination sensor is attached to the cam- 
shaft and generates a pulse each time the first cylinder 
reaches the top dead center of its intake stroke.) Ac- 
ts cordingly, the valve Is kept opened with the solenoid 
held in a non-energized state during a period from the 
start of cranking until the cylinders are discriminated 
from each other. With the valve thus kept opened, the 
high-pressure pump does not feed the fuel under pres- 
20 sure into the delivery pipe. 

[0009] During the above period between the start of 
cranking and cylinder discrimination, the low-pressure 
pump, which is an electrically driven pump, is able to 
feed the fuel at the rated discharge pressure from the 
25 start of cranking. Thus, the discharge pressure of the 
low-pressure pump is applied to the delivery pipe 
through the high-pressure pump, whereby the delivery 
pipe can be raised to the rated discharge pressure of 
the low-pressure pump (e.g.. 0.3 MPa). Nonetheless, 
30 this pressure is still much lower than the target high fuel 
pressure (e.g., 12 MPa) of the delivery pipe to be 
achieved In a nomnal operation of the engine, thus mak- 
ing It difficult to accomplish favorable fuel Injection. 

35 SUMMARY OF THE INVENTION 

[001 0] It is an object of the Invention to provide a high- 
pressure fuel supply system of an intemal combustion 
engine Including an engine-driven high-pressure pump, 

40 which is capable of feeding a regulated amount of fuel 
under pressure from the high-pressure pump by control- 
ling a duration of closing of a valve disposed at an inlet 
of the pump during a discharge stroke of the pump, and 
which Is capable of feeding the fuel under pressure from 

45 the high-pressure pump in a starting period of the engine 
before cylinders are discriminated from each other, 
thereby to raise a fuel pressure In a high-pressure por- 
tion, such as a delivery pipe, to a sufficiently high level 
in a favorable manner. 

50 [001 1] To accomplish the above and/or other object 
(s), there is provided according to the Invention a high- 
pressure fuel supply system of an intemal combustion 
engine including a plurality of cylinders, which system 
includes a high-pressure pump driven by the internal 

55 combustion engine and operable with a cycle consisting 
of an intake stroke for receiving a fuel and a discharge 
stroke for delivering the fuel. The high-pressure pump 
Includes a valve selectively placed in an open position 
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to allow the fuel to be Introduced into the high-pressure 
pump and in a closed position to allow the fuel to be fed 
under pressure to a high-pressure portion of the fuel 
supply system that is located downstream of the high- 
pressure pump. A controller of the fuel supply system 
generates commands for closing the valve to the high- 
pressure pump during starting of the engine before the 
cylinders are discriminated from each other, such that a 
period of the generated commands is shorter than a half 
of the cycle of operation of the high-pressure pump dur- 
ing starting of the engine, and. after starting of the en- 
gine, controls a duration of closing of the valve during 
the discharge strol<e of the high-pressure pump so that 
a regulated amount of the fuel is fed under pressure to 
the high-pressure portion of the fuel supply system. With 
this an^ngement. even before the cylinders are identi- 
fied or discriminated from each other, the valve is closed 
during the discharge strol<e of the high-pressure pump, 
and the fuel is fed under pressure from the high-pres- 
sure pump to the high-pressure portion of the system 
while the valve is being closed, whereby the fuel pres- 
sure in the high -pressure portion can be favorably raised 
to a sufficiently high level. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The fotBgoing and/or further objects, features 
and advantages of the invention will become more ap- 
parent from the following description of preferred em- 
bodiments with reference to the accompanying draw- 
ings, in which Wke numerals are used to represent like 
elements and wherein: 

Fig. 1 Is a view schematically showing a high-pres- . 
sure fuel supply system according to one exemplary 
embodiment of the invention; and 
Fig. 2 is a timing chart illustrating control of a high- 
pressure pump of the high-pressure fuel supply sys- 
tem of Fig. 1. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[001 3] Fig. 1 schematically shows a high-pressure fu- 
el supply system for an internal combustion engine ac- 
cording to one exemplary embodiment of the invention. 
In Fig. 1 , the high-pressure fuel supply system includes 
fuel injection valves 1 that serve to inject fuel directly 
Into the respective cylinders of the Internal combustion 
engine. The fuel supply system further includes a deliv- 
ery pipe 2 capable of supplying high-pressure fuel to 
each of the fuel injection valves 1 , and a low-pressure 
pump 4 disposed within a fuel tank 5. The low-pressure 
pump 4 is a battery-driven, electric pump having a rated 
discharge pressure of. e.g., 0.3 MPa. TTie low-pressure 
pump 4 is actuated in response to an ON signal of a 
starter switch. A filter 6 is mounted on the intake side of 
the low-pressure pump 4 in orderto remove foreign mat- 



ters from the fuel pumped firom the tank 5. 
[0014] The high-pressure fuel supply system further 
includes a high-pressure pump 7 that functions to keep 
the fuel pressure In the delivery pipe 2 at a sufficiently 

5 high level close to a target fuel pressure. The high-pres- 
sure pump 7 is an engine-driven pump that is driven by 
a cam 7e that moves with a crankshaft of the engine. In 
operation of the high-pressure pump 7, a fuel is intro- 
duced Into a cylinder 7d via an inlet port 7b, and is dis- 

10 charged through an outlet port 7c. To enable this oper- 
ation, the high-pressure pump 7 includes a plunger 7a 
capable of sliding within the cylinder 7d. The Inlet port 
7b is connected to the discharge side of the low-pres- 
sure pump 4 via a low-pressure pipe 8. and the outlet 

15 port 7c is connected to the delivery pipe 2 via a high- 
pressure pipe 11. A filter 10 is disposed in the low-pres- 
sure pipe 8 In order to remove foreign matters from the 
fuel. 

[0015] The plunger 7a is moved downward under bias 

20 force of a spri ng 7f so as to Increase the volume of space 
in the cylinder 7d during each Intake stroke of the high- 
pressure pump 7, and is moved upward by the cam 7e 
so as to reduce the volume of the space in the cylinder 
7d during each discharge stroke of the pump 7. A valve 

25 1 6 is provided for opening and closing the Inlet port 7b. 
A spring 16b is provided above the valve 16 for con- 
stantly biasing the valve 16 in a valve-opening direction 
(I.e.. downward In Fig. 1).Asolenoid 16a serves to move 
the valve 16 in a valve-closing direction (i.e.. upward in 

30 Fig. 1) against the bias force of the spring 16b. The so- 
lenoid 16a is not energized during the intake stroke of 
the high-pressure pump 7. and the valve 16 is opened 
under the bias force of the spring 16b, so that the fuel 
is introduced from the low-pressure pipe 8 Into the cyi- 

35 inder 7d through the inlet port 7b. Since the pressure of 
the fuel is raised o 0.3 MPa by the low-pressure pump 
4 as described above, no fuel vapor is generated within 
the low-pressure pipe 8 due to a negative pressure 
therein during the Intake stroke of the high-pressure 

40 pump 7. 

[0016] During the discharge stroke of the high-pres- 
sure pump 7. on the other hand, the solenoid 16a is en- 
ergized at a desired point of time so as to close the valve 
16. Before the valve 16 is closed, the fuel in the cylinder 

45 7d is returned to the low-pressure pump 4 through the 
low-pressure pipe 8 without being fed under pressure 
into the high-pressure delivery pipe 2. After the valve 1 6 
is closed, however, the feel in the cylinder 7d is fed under 
pressure into the delivery pipe 2. In the high-pressure 

50 fuel supply system of this embodiment, the high-pres- 
sure pump 7 is brought into a discharge stroke each time 
the fijel is Injected into two cylindere. Thus, the fuel, 
which is regulated to an amount used for fuel injection 
into the two cylinders, is fed under pressure to the de- 

55 livery pipe during each discharge stroke. In this manner, 
the foel pressure in the delivery pipe 2 can be kept at a 
high level close to the target foel pressure. 
[0017] A check valve 12, which is designed to be 
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opened at a predetermined pressure, is mounted In the 
high-pressure pipe 11 in order to prevent reverse flow 
of the fuel due to pressure pulsation generated by the 
high-pressure pump 7. A pressure sensor 21 Is provided 
for monitoring the fuel pressure In the delivery pipe 2. 
[0018] As described above, an unnecessary portion 
of the fuel discharged from the plunger 7a is returned to 
the fuel tank 3 through the low-pressure pipe 8, which 
would causes a high-pressure fuel to flow backward 
through the low-pressure pump 4. In order to prevent 
such reverse flow, the low-pressure pipe 8 may commu- 
nicate with the fuel tank 5 through a safety valve adapted 
to be opened at a pressure slightly higher than the rated 
discharge pressure of the low-pressure pump 4. 
[001 9] Once the high-pressure pump 7 operates In a 
favorable manner after a start of the engine, the fuel can 
be discharged as desired and the pressure in the deliv- 
ery pipe 2 can be kept at a high level close to the target 
fuel pressure. As a result, the fuel can be injected 
through the fuel Injection valves 1 in a favorable manner. 
At the time of a start of the engine, however, favorable 
fuel injection cannot be accomplished unless the fuel 
pressure In the delivery pipe 2 is quickly raised from a 
level approximately equal to the atmospheric pressure. 
Accordingly, it is desired to close the valve 16 as soon 
as the discharge stroke of the high-pressure pump 7 
starts, and to feed the entire amount of fuel in the cylin- 
der 7d under pressure into the delivery pipe 2. 
[0020] However, the valve 16 cannot be closed at the 
same time that the discharge stroke of the high-pressure 
pump 7 starts for the following reason: upon a start of 
the engine, it is impossible to discriminate the cylinders 
of the engine from each other, and detennine the current 
stroke of each cylinder, (namely, the crank angle of the 
crankshaft cannot be determined), until a pulse signal 
is received from a cylinder discrimination sensor adapt- 
ed to generate a pulse at a top dead center of each in- 
take stroke of the first cylinder, and the cylinders are dis- 
criminated from each other. Since the crank angle can- 
not be determined, it cannot be determined whether the 
high-pressure pump 7 operating in association with the 
crankshaft is in the intake stoke or discharge stroke, in 
general, therefore, the solenoid 16a is kept in a non- 
energized state, and the valve 16 is kept opened, during 
at least a period from a start of a cranking operation to 
a point of time when the cylinders can be discriminated 
from each other. With the valve 16 thus kept opened, 
the fuel is not fed under pressure from the high-pressure 
pump 7 to the delivery pipe 2. 

[0021] In the meantime, the electric low-pressure 
pump 4, which is driven by electric power, is able to feed 
fuel at the rated discharge pressure from the start of the 
cranking operation. During the above-described period, 
therefore, the fuel discharged from the low-pressure 
pump 4 Is supplied to the delivery pipe 2 through the 
cylinder 7d of the high-pressure pump 7. so that the fuel 
pressure in the delivery pipe 2 can be raised to the rated 
discharge pressure (e.g.. 0.3 MPa) of the low-pressure 



pump 4. However, this pressure is much lower than the 
target high fuel pressure of the delivery pipe (e.g., 12 
MPa) in normal use. It is thus difficult to provide the de- 
livery pip 2 with a sufficiently high pressure, and achieve 
5 desirable fuel injection. 

[0022] As shown in Fig. 1 , a controller 20 is provided 
for controlling the high-pressure fuel supply system of 
this embodiment according to the timing chart of Fig. 2. 
The fuel supply system is controlled in order to feed the 
10 fuel under pressure from the high-pressure pump 7 from 
a point of time before the cylinders are identified or dis- 
criminated from each other upon a start of the engine. 
This operation makes it possible to favorably raise a fuel 
pressure within the delivery pipe 2, namely, a fuel pres- 
15 sure in a high-pressure portion of the system located 
downstream of the high-pressure pump 7. (in the case 
where the check vah/e 12 is disposed downstream of 
the high-pressure pump 7, the above-indteated high- 
pressure portion is located downstream of the check 
20 valve 12.) 

[0023] In Fig. 2, time A indicates a start of a cranking 
operation in response to an ON signal of the starter 
switch. As the crankshaft Is rotated, the plunger 7a of 
the high-pressure pump 7 displaces or moves up and 
25 down, and the high-pressure pump 7 repeats an intake 
stroke for introducing fuel into the cylinder 7d and a dis- 
charge stroke for discharging the fuel from the cylinder 
7d. In Fig. 2. the plunger 7a starts operating ft-om the 
top dead center of the intake stroke. It is, however, to 
30 be understood that the plunger 7a may start operating 
from any location other than the top dead center, which 
location may be determined when the engine is stopped 
last time. 

[0024] Upon a start of cranking of the engine, the elec- 

35 trically-driven low-pressure pump 4 is activated so as to 
start discharging fuel at the rated discharge pressure. 
In the initial period of the cranking operation, no com- 
mand to close the valve 16 is given to the high-pressure 
pump 7. and the solenoid 16a Is kept in a non-energized 

40 state, whereby the valve 1 6 is kept opened by the spring 
16b. As a result, the fuel discharged from the low-pres- 
sure pump 4 is fed under pressure into the high-pres- 
sure portion of the system through the cylinder 7d of the 
high-pressure pump 7, thereby raising the fuel pressure 

45 in the high-pressure portion from a level approximately 
equal to the atmospheric pressure. The fuel pressure in 
the delivery pipe 2 is monitored by the pressure sensor 
21. Time B as shown in Fig. 2 indicates a point of time 
when the fuel pressure in the delh^ery pipe 4 reaches 

50 the rated discharge pressure of the low-pressure pump 
4. While time B is determined by directly monitoring the 
fuel pressure in the delivery pipe 2 in this embodiment, 
time B may also be determined by estimating the fuel 
pressure in the high-pressure portion based on the op- 
55 erating time of the tow^ressure pump 4. or other pa- 
rameter(s). 

[002q At time B, the low-pressure pump 4 cannot 
raise the fuel pressure in the high-pressure portion to a 
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higher level than the rated pressure. At this time, there- 
fore, a command in the form of a pulse signal to dose 
the valve 16 is given to the solenoid 16a, as indicated 
in a portion of the timing chart of Fig. 2 labeled "valve- 
closing command control 1", so as to activate the high- 
pressure pump 7. It Is more preferable to provide a pulse 
signal having a shorter pulse period. Here, a period of 
pulses, or a pulse period, is defined as an inten^al be- 
tween rises of adjacent two pulses. If the high-pressure 
pump 7 is in the intake stroke at the time B, the valve 
16 is closed every time the solenoid 16a Is energized in 
response to a valve-closing pulse, as shown in a portion 
of the timing chart of Fig. 2 immediately below the row 
of "valve-closing command control 1". Since the sole- 
noid 16a is not energized between adjacent valve-clos- 
ing pulses, the valve 16 is opened under the bias force 
of the spring 16b during this period. With the valve 16 
thus opened, a sufficiently large amount of fuel can be 
introduced into the cylinder 7d . 
[0026] In the following discharge stroke of the high- 
pressure pump 7, the fuel pressure in the cylinder 7d is 
raised once the valve 16 is closed In response to a valve- 
dosing pulse, and therefore the valve 16 will not be 
opened by the spring 16b even if the solenoid 16a is not 
energized between adjacent valve-closing pulses. If the 
period (or interval) of valve-closing pulses Is shortened, 
and the valve 16 can be opened substantially at the 
same time that the discharge stroke starts, the high- 
pressure pump 7 is able to deliver almost the entire 
amount of the fuel In the cylinder 7d. to thereby raise the 
fuel pressure in the high-pressure portion to a sufficient- 
ly high level. 

[0027] In the following intake stroke of the high-pres- 
sure pump 7, the valve 16 is closed in response to each 
valve-closing pulse, and the fuel is introduced into the 
cylinder 7d while the valve 16 is opened between adja- 
cent valve-closing pulses. Thus, the fuel introduced dur- 
ing opening of the valve 16 can be fed under pressure 
to the high-pressure portton of the fuel supply system 
during the subsequent discharge stroke. Time C indi- 
cates a point of time at which the cylinders are Identified 
or discriminated from each other. Once cylinder identi- 
fication or discrimination is accomplished, only a single 
valve-closing pulse need be applied at the time of a start 
of each discharge stroke subsequent to time C. In this 
manner, the high-pressure pump 7 Is able to deliver the 
entire amount of the fuel in the cylinder 7d under pres- 
sure. 

[0028] It is desirable to shorten the duration of one 
valve-closing pulse as much as possible as long as the 
valve-closing pulse can cause the valve 1 6 to be reliably 
dosed against the bias force of the spring 16b- Reduc- 
tion in the valve-closing pulse duration leads to reduc- 
tion in the valve-dosing pulse period. With the pulse pe- 
riod thus reduced, a valve-dosing pulse Is more likely 
to be applied at the time of a start of a discharge stroke, 
making it more likely for the high-pressure pump 7 to 
deliver the entire amount of fijel in the cylinder 7d. This 



is advantageous in raising the fuel pressure in the high- 
pressure portion to a sufRdently high level. If the dura- 
tion of one valve-closing pulse is too long, the valve 16 
would be dosed for a long time each time a valve-dos- 
5 ing pulse is received , in accordance with the valve-dos- 
ing pulse duration, during each intake stroke between 
time B and time C. This makes it difficult to introduce a 
suffident amount of fuel into the cylinder 7d during the 
intake stroke. 

10 [0029] A portion of the timing chart of Fig. 2 labeled 
"valve-dosing command control 2" Indicates another 
example of a pulse command to dose the valve. Only 
differences between the valve-closing command con- 
trols 1 and 2 will be now described. The pulse period of 
15 the valve-dosing pulse signal used in the control 2 is 
slightly shorter than a half of the cyde of operation of 
the high-pressure pump 7, which cycle consists of an 
intake stroke and a discharge stroke. With the valve- 
dosing command control 2. too. a valve-closing pulse 
20 is applied without fall during each discharge stroke, so 
that the valve 16 is kept closed at least after the valve- 
closing pulse is applied during the discharge stroke. 
Thus, the high-pressure pump 7 is able to deliver the 
fuel under pressure into the high-pressure portion of the 
25 fuel supply system. During each intake stroke, the valve 
16 is closed for a short period of time equal to the dura- 
tion of the valve-closing pulse applied thereto, but Is 
held opened for the rest of the stroke other than the short 
pulse duration. Thus, a suffidently large amount of fuel 
30 can be supplied to the cylinder 7d during the intake 
stroke. 

[0030] The above-indicated cycle of operation of the 
high-pressure pump 7 varies depending on the revolu- 
tion speed of the crankshaft. I.e., the engine speed. Ac- 

35 cordingly, the cycle of the high-pressure pump 7 used 
for setting the pulse period must be determined in ac- 
cordance with the engine speed upon cranking, namely, 
at the time of a start of the engine. The engine speed 
upon cranking may have a predetermined value or may 

40 be detected by a revolution sensor. For example, the 
revolution sensor generates a pulse per crank angle of 
30°. and determines the engine speed by measuring 
time between adjacent pulses thus generated. It is thus 
possible to detect the engine speed without identifying 

45 or discriminating the cylinders from each other. 

[0031] If a command in the fomn of a pulse signal to 
ctose the valve 16 is applied to the solenoid 16a such 
thatthe period of pulses is shorterthan a half of the cyde 
of operatton of the high-pressure pump 7. as described 

50 above, the valve 1 6 can be dosed for some time during 
each discharge stroke. Thus, as compared with the case 
where the valve 16 is kept opened during each dis- 
charge stroke, the fuel in the cylinder 7d can be fed un- 
der pressure to the high-pressure portion at least after 

55 the valve 16 is closed, and therefore the fuel pressure 
in the high-pressure portion can be raised to a level high- 
erthan the rated discharge pressure of the low-pressure 
pump. 
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[0032] In this high-pressure liiel supply system of the 
present embodiment, no command to close the valve 1 6 
is given to the high-pressure pump 7 until the fuel pres- 
sure in the high-pressure portion reaches the rated dis- 
charge pressure of the low-pressure pump 4. In other 
words, the valve 1 6 is kept opened until the fuel pressure 
in the high-pressure portion reaches the rated discharge 
pressure of the low-pressure pump 4. This Is because 
the electric low-pressure pump 4 operates in a favorable 
manner upon a start of the engine, and the amount of 
fuel per unit time discharged by the low-pressure pump 
4 is generally larger than that discharged by the high- 
pressure pump 7 during cranking of the engine. Thus, 
the time required for raising the fuel pressure in the high- 
pressure portion to the rated discharge pressure of the 
low-pressure pump 4 can be advantageously reduced. 
It is, however, to be understood that the invention is not 
limited to this manner of applying a command signal. 
For example, a command in the fomn of a pulse signal 
to close the valve 16 may be periodically applied to the 
high-pressure pump at the same time that a cranking 
operation is started. 

[0033] If pulses for closing the valve 16 are periodi- 
cally applied to the high-pressure pump 7 as described 
above, the valve 16 is closed even during the intake 
stroke for one or more short periods indicated by 
hatched portions in Fig. 2. Such closing of the valve 16 
is deemed unnecessary because that makes it difficult 
to introduce a sufficient amount of fuel into the cylinder 
7d. and may result in reduction in the service life of the 
valve 16. Thus, it is not preferable or desirable to dose 
the valve 16 during the Intake stroke. 
[0034] The valve 161s constantly biased in the valve- 
opening direction (i.e.. toward its open position) under 
a first bias force of the spring 16b. In order to close the 
valve 16, the solenoid 16a is required to generate a sec- 
ond bias force that is larger than the first bias force to 
move the valve 16 in the valve-closing direction (i.e., to- 
ward its closed position). If the second bias force Is set 
to be sufficiently larger than the first bias force, the valve 
16 can be closed with high reliability. It is therefore pref- 
erable that the solenoid 16a is capable of generating a 
relatively large second bias force. After the cylinders are 
Identified or discriminated from each other, a relatively 
large second bias force is generated by the solenoid 
16a, so that the valve 16 can be reliably closed at a de- 
sired point of time in each discharge stroke, depending 
upon whether the entire amount or a regulated amount 
of the fuel in the cylinder 7d is to be delivered from the 
high-pressure pump 7. 

[0035] When a command signal to close the valve 1 6 
is generated before the cylinders are identified or dis- 
criminated from each other, however, a reduced voltage 
is applied to the solenoid 16a. for example, so that the 
solenoid 16a generates a second bias force that is 
slightly larger than the first bias force of the spring 16b. 
In this manner, the valve 16 can be closed during the 
discharge stroke, but cannot be closed during the intake 



stroke. Namely, during the intake stroke, a pressure dif- 
ference between the low-pressure pipe 8 and the cylin- 
der 7d upon introduction of the fuel into the cylinder 7d. 
as well as the first bias force of the spring 1 6b, is applied 

5 to the valve 16 in the valve-opening direction, and there- 
fore the valve 1 6 cannot be closed against the pressure 
difference if the second bias force is only slightly larger 
than the first bias force. Thus, the valve 16 can be pre- 
vented from being closed during the intake stroke. 

ro [0036] In the high-pressure fuel supply system of this 
embodiment, the spring 16b that generates the first bias 
force consists of a compression spring. In the strict 
sense, therefore, the first bias force Is not constant while 
the valve 16 moves from a fully open position to a fully 

15 closed position. In other words, the first bias force varies 
with a degree of compression of the spring 16b. More- 
over, the pressure difference that is applied to the valve 
16 during the intake stroke Is not constant, but varies 
depending upon the position of the plunger 7a. It is 

20 therefore preferable to set the second bias force, taking 
account of variations in the first bias force and the pres- 
sure difference, so that the valve 16 can be closed dur- 
ing the discharge stroke but cannot be closed during the 
intake stroke. 

25 [0037] The high-pressure fuel supply system of the 
present embodiment includes an accumulator 3 con- 
nected to the delivery pipe 2. The accumulator 3 has a 
fuel chamber 3b communicating with the delivery pipe 
2, and a gas chamber 3a separated from the fuel cham- 

30 ber 3b by a bellows (or a diaphragm or a piston). The 
gas chamber 3a is charged with an inert gas. such as 
nitrogen, at a preset pressure. The total effective volume 
of the delivery pipe 2, whtoh includes the volume of the 
fuel chamber 3b of the accumulator 3 with the gas cham- 

35 ber 3a being expanded, is smaller than that of a normal 
delivery pipe. 

[0038] When the fuel pressure in the delivery pipe 2 
gets close to the target high fuel pressure set for normal 
running of the engine, the gas chamber 3a of the accu- 

40 mulator 3 contracts sufficiently, and the fuel chamber 3b 
has an increased volume. At this time, the total effective 
volume of the delivery pipe 2. which includes the in- 
creased volume of the fuel chamber 3b, is about the 
same as that of the normal delivery pipe. During normal 

45 running of the engine, therefore, the fuel pressure in the 
delivery pipe 2 is not significantly reduced from the tar- 
get high fuel pressure even if a large amount of fuel is 
injected from the delivery pipe 2. Since the compressi- 
bility of the gas contained In gas chamber 3a is larger 

50 than that of the fuel, the pressure In the delivery pipe 2 
is less likely to be reduced as compared with the case 
where the normal delivery pipe is used. In view of this 
fact, the total effective volume of the delivery pipe 2, 
which includes the increased volume of the fuel cham- 

55 ber 3b. may be set smaller than that of the normal de- 
livery pipe. 

[0039] Al the time of a start of the engine, too, the fuel 
is preferably injected at the target high fuel pressure (e. 
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g.. 12 MPa) set for normally running of the engine. How- 
ever, fuel injection at the target fuel pressure upon a start 
of the engine is not practical because it takes a consid- 
erably long time to raise the fuel pressure to the target 
fuel pressure. As described above, it is difficult to per- 
form desirable fuel injection at the rated discharge pres- 
sure of the low-pressure pump 4 (e.g., 0.3 MPa), but 
relatively good or favorable fuel Injection can be per- 
fonned at a fuel pressure of. for example, about 4 MPa. 
Accordingly, the required pressure for starling of the en- 
gine is nomially set to a level between the rated dis- 
charge pressure of the low-pressure pump 4 and the tar- 
get high fuel pressure. 

[0040] It is thus possible to start fuel injection when 
the fuel pressure In the delivery pipe 2 reaches the re- 
quired starting pressure. In view of the contraction force 
of the bellows itself, the pressure at which the gas cham- 
ber 3a of the accumulator 3 is charged with inert gas Is 
predetermined so that the gas chamber 3a does not 
contract until the fuel pressure in the delivery pipe 2 gets 
close to the required starting pressure. Accordingly, the 
high-pressure portion of the fuel supply system has a 
relatively small volume until the fuel pressure in the de- 
livery pipe 2 rises to the required starting pressure. This 
allows the fuel pressure to be raised more quickly to the 
rated discharge pressure by the low-pressure pump 4 
and to the required starting pressure by the high-pres- 
sure pump 7 upon starting of the engine. Consequently, 
fuel Injection can be started in an early period after 
cranking. 

[0041] In the illustrated embodiment, the valve 16 for 
opening and closing the inlet port of the high-pressure 
pump 7 is opened by the spring 16b and closed by the 
solenoid 16a. However, the Invention is not limited to 
this arrangement. For example, the valve may be 
opened and closed by means of a step motor or the like. 
In this case as well, it Is possible to control the step mo- 
tor, or the like, so that the valve is closed at intervals 
each of which is shorter than a half of the cycle of oper- 
ation of the high-pressure pump consisting of an intake 
stroke and a discharge stroke, upon a start f the engine 
before the cylinders are identified or discriminated from 
each other. Even if the valve-opening force is consider- 
ably large and the valve is opened even in the discharge 
stroke, the fuel is fed under pressure to the high-pres- 
sure portion at least when the valve Is In the closed po- 
sition during the discharge stroke. Thus, the fuel pres- 
sure in the high-pressure portion can be raised in a more 
favorable manner as compared to the case where the 
valve is kept opened until the cylinders are discriminated 
from each other. 

[0042] A high-pressure fuel supply system of an inter- 
nal combustion engine is provided which includes a 
high-pressure pump (7) driven by the engine and oper- 
able with a cycle consisting of an intake stroke and a 
discharge stroke. The high-pressure pump includes a 
valve (1 6) selectively placed in an open position to allow 
the fuel to be introduced into the pump and in a closed 



position to allow the fuel to be fed under pressure to a 
high-pressure portion located downstream of the high- 
pressure pump. In the fuel supply system, commands 
for closing the valve are generated to the high-pressure 
pump during starting of the engine before the cylinders 
are discriminated from each other, such that a period of 
the generated commands is shorter than a half of the 
cycle of operation of the high-pressure pump during 
starting of the engine. After starting of the engine, a du- 
ration of dosing of the valve during the discharge stroke 
of the pump is controlled so that a regulated amount of 
the fuel is fed under pressure to the high-pressure por- 
tion. 



Claims 

1. A high-pressure fuel supply system of an intemal 
combustion engine, including a high-pressure 
pump (7) driven by the intemal combustion engine 
and operable with a cycle consisting of an Intake 
stroke for receiving a fuel and a discharge stroke 
for delivering the fuel, the high-pressure pump com- 
prising a valve (16) selectively placed in an open 
position to allow the fuel to be introduced into the 
high-pressure pump and in a closed position to al- 
low the fuel to be fed under pressure to a high-pres- 
sure portion of the fuel supply system that is located 
downstream of the high-pressure pump, wherein: 

commands for closing the valve (16) are gen- 
erated to the high-pressure pump during start- 
ing of the engine before a plurality of cylinders 
of the engine are discrimi nated from each other, 
such that a period of the generated commands 
is shorter than a half of the cycle of operation 
of the high-pressure pump during starting of the 
engine; and 

after starting of the engine, a duration of closing 
of the valve (16) during the discharge stroke of 
the high-pressure pump is controlled so that a 
regulated amount of the fuel is fed under pres- 
sure to the high-pressure portion of the fuel 
supply system. 

The high-pressure fuel supply system according to 
claim 1, wherein: 

an electric low-pressure pump (4) having a rat- 
ed discharge pressure Is connected to an inlet 
side of the high-pressure pump, the low-pres- 
sure pump being actuated upon a start of the 
engine so as to increase a fuel pressure in the 
high-pressure portion; and 
after the fuel pressure in the high-pressure por- 
tion is raised to a level close to the rated dis- 
charge pressure of the low-pressure pump, the 
commands start being applied to the high-pres- 
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sure pump until the cylinders are discriminated 
from each other. 

3. The high-pressure fuel supply system according to 
claim 1 or 2, wherein: ® 

the valve (16) is constantly biased under a first 
force in a valve-opening direction, and Is moved 
by a second force in a valve-closing direction 
in response to the commands; and *o 
a magnitude of the second force is determined 
so that the valve (16) can be closed by the sec- 
ond force against the first force during the dis- 
charge stroke of the high-pressure pump, but 
cannot be closed by the secondforoe during the f 5 
intake stroke of the high-pressure pump with 
the first force and a pressure difference on op- 
posite sides of the valve being applied to the 
valve in a valve-opening direction. 

20 

4. The high-pressure fuel supply system according to 
claim 3, wherein the high-pressure pump (7) further 
includes a spring (1 6b) that generates the first force, 
and a solenoid (16a) that generates the second 
force when energized. 

5. The high-pressure fuel supply system according to 
any one of claims 1-4, wherein an accumulator (3) 
is connected to the high-pressure portion of the fuel 
supply system, and the accumulator has a gas 30 
chamber (3a) containing a gas at a pressure that is 

set so that the gas chamber does not contract until 
a fuel pressure in the high-pressure portion of the 
fuel supply system becomes approximately equal 
to a predetermined level required for starting of the 35 
engine. 

6. The high-pressure fuel supply system according to 
any one of claims 1-5, wherein the period of the 
commands is determined such that one of the com- ^ 
mands is generated substantially at a beginning of 
each discharge stroke of the high-pressure pump. 

7- The high-pressure fuel supply system according to 
any one of claims 1 -6, wherein the commands com- 45 
prise pulses, and the period of commands is a pe- 
riod of the pulses defined as an interval between 
rises of adjacent two pulses. 

8. The high-pressure fuel supply system according to 50 
any one of claims 1-7, wherein the high-pressure 
pump (7) includes a cylinder (7d) having a dis- 
charge port, and a plunger (7a) received in the cyl- 
inder, and wherein the valve is disposed between 
an inlet port of the high-pressure pump and the cyl- ^ 
inder. 
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